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Description 

The present Invention relates to human Tumor Necrosis Factor (TNF) Binding Protein I. herein 
designated TBP-l (* soluble Tumor Necrosis Factor Receptor type I (sTNF-RI)) t and more particularly, to 
s the cloning of the gene cooing for said protein and Ha expression in eukaryctjc host cells. 

TNF-a and TNF-j (ryrnphotoxin) are structurally related polypeptide cytokines, produced primarily by 
mononuclear leukocytes, whose effects on eeO function constitute a major factor in the excitation of the 
inflammatory response. The TNFs affect oefls In different ways, some of which resemble the functional 
modes of other inflammatory mediators, like interteukin-1 (IL-1) and interteukin-6 (IL-6). What appears most 

tq distinctive regarding the activity of the TNFs la that many of their effects can result in cell and tissue 
destruction. Increasing evidence that over-induction of those destructive activities contributes to the 
pathogenesis of a number of diseases, makes it of particular interest to elucidate their mechanisms and the 
ways they are regulated (Oid, U. (1980) Sd-Am. 258, pp. 41-48). 

High affinity receptors, to which both TNF-« and ThF-fi bind (Beutter, BJL, et al. (I* 85 ) J-Exp.M«d. 

T5 161. pp. 984-996) play a hey role m the initiation and In the control of the cellular response to those 
cytokines. These receptors are expressed on the surfaces of a variety of different ceils. Studies showing 
that antibodies reacting wfift their extraceflular portions affect ceOs in a manner very similar to the TNFs. 
demonstrate that the receptors and ceflutar components associated wftfi them are sufficient to provide the 
intracellular signalling for the effects of the TNFs (Espevik, T„ et aL, (I960) J.Exp.Med. 171, pp. 415-426). 

to Other studies have shown that molecules related to the TNF receptors (TNF-Rs) exist also in soluble 
forma. Two immunologically distinct species of such soluble TNF-Rs, designated TNF Binding Proteins I 
and IK or TBP-I and TBP-tt, respectively, were recently isolated from human urine (Engetmann, l-L et al.. 
(1989) J-Blol-Chem. 284. pp. 11974-11980: Engeimann, R. et aL (1990) J.BIoLChem. 265. pp. 1531-1538; 
Olsson. L et al. (1989) EurJ.HaernatoL 42, pp. 270-271: SecJdnger. P. et aL. (1989a) J.BU.Cham. 284. pp. 

a 11986-11973). Immijnological evidence indicated that the two proteins are structurally related to two 
molecular species of the osS surface TNF-fl (the type I and type H re c e p t o r s , respectively). Antibodies to 
each of the two soluble proteins were shown to black specifically the binding of TNF to one of the two 
receptors and could be used to immurx^preciprtate the receptors. Antibodies against one of the two soluble 
proteins (TBP-l) were also found to induce effects characteristic of TNF In ceOs which express the 

jo immui>oiogicairy eras-reactive cefl receptors (Engetmann. H., et aL. (1990) Ibid.), like the ceil surface 
receptors for TNF, the soluble forms of these receptors specifically bind TNF and can thus Interfere with Its 
binding to ceOs. ft was suggested that they function as physiological inhibitors of TNF activity (Engetmann 
et at., 1989 (ibid.): Olsson et at. 1989 (ibid.); Secktnger et aL, i989a (ibid.)). 

Soluble forms of cefl surface receptors may be derived from the cell surface form of the receptor by 

ss proteolytic deavage. or by a different mechanism proposed in two recent studies describing the cloning of 
the cONAs for the re cep tor s to IL-4 and IL-7. D a tid e 8 cONA clones encoding the full length receptors, 
clones which encode truncated, soluble forms of these rece pt ors were also isolated in these studies, it was 
suggested that these latter clones are derived from transcripts specifically encoding soluble forms of the 
receptors, transcribed from the same genes which encode the cefl surface forms, but differently spliced 

« (Mosfey. B„ et aL. (1989) GeO SO. pp. 335448; Goodwin. FKL. et aL, (1990) Cefl 60. pp. 941-951 ). 

Two recent studies have described the molecular cloning and expression of human type I TNF cefl 
surface receptor (loetscher. H„ et at. (1990) Cefl 61 , pp. 351459c Sehati. TJ„ et aL (1990) Cefl 61. Pp. 
361-370). 

The present invention relates to the production or human TBP-l by a method comprising transection of 
<s eukaryotic. preferably CHO ceOs, with art expression vector comprising a DMA molecule encoding the whole 
type I human TNF receptor (TNF-ftr). cutturtng the transfected eukaryotic cells and isolating said TBP-l from 
the medium When said whole DMA molecule is used, soluble proteins are produced by the transfected 
cefls, along with the cefl surface receptor, and are secreted into the medium. 

Figure i shows the nucleotide sequence of the type I TNF receptor cONA and the predicted amino acid 
so sequence of the encoded protein. 

(A) shows the probes used for screening for tf» cONA. wherein: 

(a) shows the NH 2 -terminal amino add sequence of TBP-l; 

(b) shows synthetic oagonudeofide probes. Designed on the basis of the NH^ -terminal amino acid 
sequence, used for initial screening ; and 

53 (c) and (d) are probes overlapping wrth (b). used to confirm the validity of clones isolated in the initial 

screening. 

(B) is the schematic presentation of the cONA clones isolated from a human colon (C2) and from CEM- 
lymphocytes (Et3) libraries and a diagram of the complete cDNA structure. Unwm&i sequences are 

3 
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represented by a flne. Coding regions are boated. The shaded portions represent the sequences which 
encode the signal peptide and The transmembrane domains. 

(C) shows me hydropathy profile of the predicted amino add sequence of the TNF receptor. 
Hydrophobictty (above the fine) and hydrophilidty (below the line) valua* were determined using the 

$ sequence analysis software package of the University of Wisconsin genetic computer group (UWCG) 
according to Kyte and Dooitttte (1982). The curve is the average of the hydropathy index for each 
residue over a window of nine residues. 

(D) depicts the nucleotide and predicted amino acid sequences of the type I TNF receptor. The 
presumptive start and stop signals are denoted by asterisks; the three sequences derived from TBP-l by 

to broken overCning; the transmembrane and leader domains by round-ended boxes; and the four repetitive 
sequences in the extracellular domain by (hick underlining. Cysteine residues are boxed. Qrycosylation 
sites are overtired and the presumptive pc4yacerryiatton signal is underlined 

Figure 2 shows the detection of type I TNP-R using monocional antibodies to TBFH En CHO ceils 
transfected with E13 cONA. CHO cods, dones R-18 (fransfected with an expression vector In which the E13 

rs cONA was placed under vie control of an SV40 promoter) and C-8 (control; a clone of ceils transfected with 
an expression vector in which El 3 was pieced in the inverse orientation), and HeLa ceils, were stained with 
the anti-TBP-l mono cl onal antibodies 17, 18, 20 and 30 followed by incubation with RTC conjugated anti- 
mouse F(ab). Ruofescence intensity was compared wtth that observed when a mouse monoclonal antibody 
against TNF was used in the first step of the staining as a control. 

20 Figure 3 snows reversed phase HPLC of the CWO-produced, soluble form of the type 1 TNF-R, 

A concentrate of the conditioned medium of the CHO FM8 dones (see Fig. 2) and a cortcentrate of the 
CHO C-6 clone to which 3 ng pure TBFH was added, were appOed to an Aquapore RP300 column. Button 
was performed with a gradient of acetonftrBe In 03% aqueous trifiuoroacetic acid (— ). Fractions were 
examined for content of protein (— ) and of the soluble form of the type I receptor by an EUSA (~). (as 

25 described in Example 1: Procedures). None of the etuted fractions of a concentrate of the CHO C-6 done, 
without addition of TBP-l. was found to contain any de t e ct ab l e amounts of the soluble form of the receptor 
(not shown). 

Figure 4 shows the time course of the release of COOH-terminal amino adds from TBP-l by 
carboxypsptidase Y. 

so Figure S shows the construction of plssmid pSV-TBP, which contains the ONA sequence encoding 
TBP-l fused to the strong SV40 early gene promoter. 

Rflure 6 shows the construction of the piasmid pCMV-TBP. which contains the ONA sequence 
encoding TBP-l fused to the cytomegalovirus (CMV) promoter. 

Purified TBP-l isolated from human urine was described in European Patent Application EP 0 308 378 
35 of the present applicants and shown to contain at the N-tei minus the amino acid sequence shown in Fig. 
1Aa. 

The COOi+terminsj of TBFM was determined now and shown to contain a major fraction containing the 
sequence Ite-ttu-Asn denoted by broken overGrung at positions 178-180 In Fkj. 10. and at least one minor 
fraction including at least two further amino adds Vaf-Lys at positions 181-182. 
«o The invention relates to a method for the production of human Tumor Necrosis Factor 8inding Protein l 
(TSP-f). bkxdgi c a ff y active precursors and analogs thereof, which comprises: 

i) transfecting evkaryotic cetis with an expression vector comprising a DNA molecule encoding the whole 
type t human TNF receptor, and 

fl) culturing the tran sa cted ceils, whereby the desired protein Is produced and secreted Into the medium. 

4$ The DNA sequence encoding the whole type I TNF receptor is depicted in Figure 10. The soluble 
domain thereof includes the sequence down to position 180 (Asn) or 182 (Lys) or even some additional 
amino adds after positioo 182. 

The human TBP-l proteins produced by the transfected cells according to the method of the Invention 
and secreted into the medium may have at the N-terminus the sequ ence Asp-Ser-Val denoted by broken 

so overlintng at positions 2f>23 in Fig, 1 D (TBP-l). or the sequence Lau-VahPro at podtiorts &-1 1 or Ue-Tyr-Pro 
at positions 1-3 or any other sequence between fle( + 1) and Asp<20). The proteins may have it the COOH 
terminal any of the sequences described above. AH these human TBP-l proteins, if bi o l og i c a l l y active with 
TBP-Hike activity, are encompassed by the invention as precursors and analogs of TBP-l 

According to the invention, otigpnudeottde probes designed on the basis of the N Hi -terminal amino 

&5 add sequence of T8P-*. were synthesized by known methods and used for screening for the cONA coding 
for TBP-l In cONA libraries. In a human colon cONA library, a C2 cONA insert was found which hybrtdiied 
to said probes and it was used for further screening in a human CEM^ymphocytes lambda ZAP cONA 
libr.'iry, mus fading * the cONA shown in Fig. 1D. 
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The ONA* of positive dones ward than inserted into appropriately constructed expression vectors by 
techniques we* known in the art In order to be capable of expressing a desired protein, an expression 
vector shoufcj comprise also specific nucleotide sequences containing transcriptional and translation*] 
regulatory information linked to the ONA coding for the desired protein in such a way as to permit gene 
i expression and production of the protein. The gene most be preceded by a promoter in order to be 
transcribed There are a variety of such promoters in use, which work with different efficiencies (strong and 
w^ak promoters). 

The ONA molecule comprising the nucleotide sequence coding for a protein comprising the amino acid 
sequence of TBP-l. i.e. TBP-l, a precursor or an analog thereof, preceded by a nucleotide sequence of a 

J o signal peptide and the operabfy finked transcriptional and trarstabonal regulatory signals Is inserted into a 
vector which is capable of integrating the desired gene sequences Into the host ceil chromosome. The ceils 
which have stably integrated the introduced ONA Into their chromosomes can be selected by also 
introducing one or more markers which aHow for selection of host celts which contain the expression vector, 
(n a preferred embodiment the introduced DMA motecute win he Incorporated into a piasmid or viral 

rs vector capable of autonomous replication in the recipient host Factors of importance in selecting a 
particular piasmid or viral vector induce the ease with which recipient cells that contain the vector may be 
recognized and selected from those recipient cede which do not contain the vector, the number of copte* of 
the vector which are desired in a particular host and whether it is desirable to be afofe to "shuttle" the vector 
between host cells of different species. Once the vector or ONA sequence containing the constructs) has 

» been prepared for expression, the ONA constructs) nay be introduced into an appropriate host ceil by any 
of a variety of suitable means: transforation, trartsfection, conjugation, protoplast fusion, eiectroporatlon. 
calcium phosphate precipitation, direct mteoir^ectSon, etc 

The eukaryotic host coda are t ran sfected acconlln g to the invention with plasmida comprising the cONA 
encoding the whole type I TNF receptor. Preferred eukaryotic hosts are mammalian cells. e.g., human, 

29 monkey, mouse and Chinese hamster ovary (CHO) cells, They provide the soluble form of the protein, 
besides the cett surface receptor, and provide post-translationai modifications to protein molecules including 
correct folding or gtycosytation at correct shea. Piefe ti e d mammalian celts according to the invention are 
CHOeeOs. 

After the introduction of the vector, the host ceOc are grown in a selective medium, which selects for the 

30 growth of vector-containing ceils. Ex pr ession of the cloned gene sequenoe(3) results in the production of the 
desired soluble protein, thai is secreted into the medium, and may then be isolated and purified by any 
conventional procedure involving extraction, precipitation, chromatography, electrophoresis, or the like. 

In a preferred embodiment. CHO cells are tra nsf ected wKh the type I TNF-ft cONA shown in Fig. 1D 
and they produce both the ceil surface receptor and TBPH. its soluble form, and/or precursors and analogs 
a thereof. 

The data presented in the present application are consistent with the notion that TBP-l - the soluble 
form for the type I TNF*R • co n st it utes a fragment of the ceB surface form of this receptor, corresponding to 
its extracellular domain. The receptor is recogni z ed by se v e r a l monoclonaJ antibodies to TBP-l which 
interact with several spatially distinct epitopes in this protein. The amino acid s eq u ence in the extracellular 

so domain matches the sequence of TBP-i. 

ParticuJarty irtfoortative with regard to the mechanism of formation of TBP-l >$ the finding described in 
the present application, that a soluble form of the type I TNF-ft is produced by CHO cePs which were 
transfected with the TNF-ft cONA, This Implies that ceBs possess some me chan i sm (s) which aitow(s) the 
formation of the soluble term of the TNF-R from that same transcript that encodes the cell surface form. 

45 The tow rate of production of the soluble form of the type I TNF-R by the E13-tren*fected CHO cells 
does not necessarily reflect maximal activity. In HT29 ceils, the spontaneous release of a soluble form of 
type I TNF-R occurs at about a 1 0-fold higher rase tfian that observed with the CHO-R-18 done. 

A fikeiy mechanism whereby soluble forms of TNF re ce ptor s can be derived from the same transcripts 
which encode the caff surface forma is proteolytic cleavage. Indeed, flanking the amino acid residue which 

so corresponds to the NH* -terminus of TBP-l there are, wHhfn the sequence of amino adds of the receptor, 
two basic amino acid residues (Lys-Arg) which can serve as a sate of cleavage by trypsirHifce proteases. 
The identity of the proteases which might cause cleavage to take place at the COOH terminus of TBP-l is 
not known. 

The invention wfli be illustrated by the following examples: 

55 
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EXAMPLE 1: PROCEDURES 

a) Determination of amino add sequences within the TNF-binding proteins TBP-I and TBP»H 

s The TNF Binding Protons TBP-I and TBP-I! were isolated from concentrated preparations of urinary 
proteins, as described previously (fcneeimann. H» «t aJ. f (1990) J-KoLChem. 285. pp. 1531-1538) by Bgand 
(TNF) affinity crwematography followed by reversed phase HPLC. TBFM was deaved with cyanogen 
bromide, yielding two peptides which, totowing reduction and aOcyfation, were isolated by reversed phase 
HPLC. The two peptides (CNBr-1 and CNBr-2 In Tab* 0 were subjected to NHj-tomninaJ sequence analysis 

r? oca pulsed liquid gss phase protein microsequencar (Model 47SA, Applied Btosystems Inc, Foster Cfty 
CAV. The sequence found for one erf the peptides (CNBr-1) was identical to the NHz sequence of the intact 
TBP-I protein. 

The COOH terminal se qu ence of amino adds in TBP-I was determined by digestion of the protein with 
carboxypeptfdase Y followed by sequential analysts of the released amino acids. A sample of pure TBP-l 

75 (32ug) was mixed with 1 nmoie of norleudne, as an internal standard, dried thoroughly and resuspended in 
8 ul 0.1 M sodium acetete buffer, pH 5-5, containing 03 ug carboxypeplfdase Y (Sigma. SL Louis. MO). 
Digestion was performed at room temperature. 2 ul ABquots withdrawn at various time points were acidified 
by adding 3 ul of 10% acetic add to each, fosowed by addition of IS ill 0J% EDTA They were then 
subjected to automated amino acid analysis (Appfied Btosystems, UK. model 420A). The results (shown in 

20 Fig. 4) indicate the sequ en c e -lle-Qu^Asn-COOH. Mmor fracti on s were detected containing two or more 
additional amino adds. 

Sequences witfwi TBP-fl were determined by generation of trypfic peptides of the protein. A sample of 
pure TBP-il (200 ag) was reduced, afcylated and repwMed on an Aquapore RP-300 reversed-phase HPLC 
column. Fractions containing the modified protein were pooled and the pH was adjusted to aO with 

x NaHCO*. Digestion with TPCK-trypsin (238 uVmp, Mittpore Corp.. Freehold. NJ) was performed tor 16 h. at 
room temperature at an enzyme to substrate ratio of 120 (w/w). The digest was loaded on a Cio RP-P 
reversed phase HPLC column (Syncruom, Unden, IN) and the peptides separated by a linear 0 to 40% 
acetonitrile gradient in 03% aqueous aifluoroaceoc acid. The NH* terminal amino acid sequences of the 
peptides and of the intact protein (N-termnus) are presented in Table I The peptides were numbered 

ao according to their sequences of edition from the RP-P column. In the fractions denoted as 38,44.48^3 and 
54, where heterogeneity of sequences was observed, both the major and the secondary sequences are 
presented. 

b) Isolation of cONA donee 

s 

Three mixtures of synthetic oBrjonudeotide probes (Figs. lAb, lAc) generated from the nucleotide 
sequence deduced from the NHj-termfrwI amino acid sequence of TBfM (Fig. iAa) were used tor the 
screening of cONA libraries. Initial screenings were carried out with 48-fbid degenerated, 28-mers Into which 
oeoxytnosine was krtroduced. wherever tfw codon ambiguity allowed tor a« four rwdeottdes (Hg. 1Ab).Tbe 

« validity of positive clones was examined by testing fteir hybridization to two mixed 17-mer nucleotide 
sequences containing 86 and 128 degeneracie s , corresponding to two overlapping amino add sequences 
which constitute part of the sequences to which the 20-bese probes correspond (fig. 1 Ac and d). An 
otif^nudeotide probe ujno ap on dtn g to a sequence tocated dose to the g terminus of the longest of the 
partial cONA donee isolated with the degener a ted probes (rwdeotides 478-458 in Ftg. 10) was appfled for 

« further screening cONA libraries for a fd length cDNA done. ^P-tabeing of the probes, using T4 
polynudeotide kinase, plating of the phages in lawns of bacteria, their screening with the radio-labelled 
probes, isolation of the positive dones and subdoning of their cDNA Inserts were earned out using standard 
procedures (Sembrook. J., et sL. (1888) Molecular Parm a. A Laboratory Manual Cold Spring Harbor 
laboratory Press). 

50 

c) Nucleotide sequencing of the cONA dones 

cDNA inserts isolated from positive lambda GT11 recombinant phages were subdoned into the 
pBiuescript KS(-) vector. Inserts found in lambda ZAP phages were rescued by excising the piasmid 
M pBiuescript SK(.) in them, using ttie R408 helper phage (Short. JM, et aU (1988) Nud-Adds Res. 18. pp. 
7583-7800). ONA sequencing in both directions was done by the dideoxy chain termination method. 
Overlapping deletion dones of the cONAs were generated, m both orientations, by digestion of the cONA 
with exonudease ill ('erase a base" kft. Promega Biotoc Madison, WI>. Single stranded templates derivec 
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from these clones using the R408 phage ware sequenced with a T7 OKA polymerase sequendng system 
(Promega). 

d) Constitutive ex pr ession of the type I human TNF»R m CHO celte 

s 

The E13 Insert was introduced into « modified version of the pSVL expression vector. This construct 
was transfected. together with the pSVZ-OHFR plasmld which contains the OHFR cONA. into DHFR 
deficient CHO ceils, using the caldum phosphate precipitation method. Trsnsfectfon wtth a recombinant 
pSVL vector which contained the E13 insert In the inv er s e orientation served as a control Cells expressing 
10 the OHFR gene were selected by growth in nudeotide-free MEM alpha medium containing fata) carf serum 
which had been dialyzed against phosphate buffered saline. Individual done* ware picked out and then 
further selected for amplification of the transfected cONAs by growth in the presence of 500 nM sodium 
methotrexate. 

ra e) Detection of surrece^oxpressod type I TNF-ft in the CHO cofls 

Binding of radtolabeOed human rTNF to oeSs (seeded to IS mm tissue culture plates at a density of 2.5 
X 10* ceaa/piate) was quantrtatsd as desciibed before (Ho&nann. H. and Wallach. D. 0967) JJmmunot. 
139. pp. 1161-1167). 

20 To examine the binoTng of monoclon al antibodies against TBP-t to CHO calls, the cefls were detached 
by Incubation in prtosphate buffered savne (PBS: 140 mM NeCt, 15 mM KHiPO*. 8 mM NaiHPO*. 2.7 m 
KCl, 03 m MgCb. 0.9 m CaCh), containing 5 mM EDTA and then incubated for 45 min. at 0'C with 50 
ug/ml of the test rnonocional antibody in PBS co niflliwg 03% bovine serum albumin, and 15 mM sodium 
azklo (PBSBSA). After washing me cells with P6S/BSA they wars Incubated further for 30 min. at 0*C with 

as FTTC labelled, affinity purified goat antibody to the F(ab) fragment of mouse IgG (1 40 In P6S/BSA) {Bfo- 
Makor. Israel) and then analyzed by determining the intensity of fluorescence in samples of 10* cetts using 
the Becton Dickinson fluorencence activated ce0 sorter 440. Three monoclonal antibodies to TBP< denes 
17.18 and 20. shown by cross competition analysis to recognize three spatially distinct epitopes In the TBP- 
I molecule (European Patent Application No. 901151064) and. as a control, a monodonai antibody against 

so TNF-d (afl purified from ascitic fluids by arnimum sulphate precipitation and of the bG2 isotype), were 
used. 

f) Quantitation of the soluble form of the type I TNF-ft by EUSA 

as A sensitive enzyme Hnked Invmmosorbent assay was set up using TBP+spectilc morodoneJ and 
polyclonal antibodies tn a sandwich technique. Immunoglobulins of the anti-TBP-l mAb done 20 (European 
Patent Application No. 901151064) were adsorbed to 96-wefl EUSA plates (maxisorp. Nunc. Denmark) by 
incubation of the plates for 2 h. at 37* C with a solution of 25 uo/mi of the anttbody In PBS. After Incubating 
the wefla further tor 2 ft at 37*C with a solution containing phosphate buffered saline. 1% BSA. 0.02% 

<o NaN* and 945% Tween 20 (blocking solution) to btoek rttnspecjflc further binding of protein, tested 
samples were applied in aOquots of 50 uVweA. The pistes wen) then Incubated for 2 h. at 37*C, rinsed 3 
limes with PBS supplemented with 045% Tween 20 (washing solution) and rabbit polyclonal antiserum 
against TBPM, dfluted 1500 in blocking solution, was added to the wefla. After further Incubation for 12 h. at 
4"C the plates were rinsed again and incubated for 2 h. with horse reddish peroxtoase^cor^ugatod purified 

« goat ara^rabbit IgQ. The assay was developed using 2^*-azfcir>bis (3-elr^lbenzihiaioline-B sulfonic add) as 
a substrate (Sigma). The enzymatic product was determtoed cdctfrrieftriGally at 600 ran. Pure TBPH served 
aa a standard. 

g) Detection of a sotubte form of the type 1 TNF-ft in the growth medium of the transfected CHO cells and 
ao its analysts by reversed phase HPIC 

The amounts of the soluble form of the type I TNF-K in samples of the medium of the tested CHO 
eeOs. collected 48 h after mednjm replacement were cetermined by the irnmunoessay described above. 
For analysts of the soluble receptor by reversed phase HPLC the CHO cells were cultured for 48 h. in 
55 serum-free medium (ruckwttfe-free MEM «). The medium samples were concentr a ted 100-toid by 
ultrafiltration on an Amicon PM5 rneinbrane and 100 ul afiquots were then applied to an Aquapore RP300 
column (45 X 30 mm. Brownlee Labs) preequilibrated with 0.3% aqueous tnfkxroacetic add. The column 
was washed with this solution at a flow rate of fcS roVmkx until afl unbound proteins warn rts-acvel and then 
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eluted with a gradient of acetonitrile concentration in 0.3% aqueous tnfluoroacetie add, as described before 
(Engelmann, H„ et al.. (1989) J.BIol.Chem. 264, pp. 11974-11980). Fractions of 04 mi were collected and, 
after concentration In vacuo, we neutralized mm 1 M HEPES buffer pH 9.0. Amounts of soluble type I 
TNF-R fn the fraction* were determined by EUSA and the concentration of protein by the fluorescamine 
5 method. 

EXAMPLE 2 

a) aoning of the cONA for the Type I TNF-R 

to 

To done the cDNAs which code for the TNF*binding protein. TBP-i. and its related TNF receptor, 
several cONA libraries were screened, using 3 overlapping o&gonuciaotide probes designed on the basis of 
the NHj -terminal amino add sequence of TBfM (Fig. 1A). in a lambda GTll library derived from the mRNA 
of human colon (randomly primed, Clontech, Palo Ate, CA), four recombinant phages which hybridized with 

is the three probes were detected. The inserts in these four phages were similar En size, and were found to 
overlap by restriction mopping and s equence analysis. 

Complete analysis of the sequence of the longest of the four (C2 In Ftg. IS, deposited on 6.12.1989 
with the Collection National* de Cultures de Mteroorganrsmes (C.N.C.M-). Paris. France. Accession No. l- 
917) revealed an open reading frame, extended over Its entire length. A polypeptide chain encoded In this 

20 reeding frame fully matches the WVterminal ammo acid sequence of T8FM. Neither an initiation nor a stop 
codon was found in the C2 insert. Hescreening the coton cDNA library, using another probe corresponding 
to a sequence found in C2 (see Example ,: Procedures), yielded several other recombinant phages 
containing inserts that overlap wfth the C2 insert. However, none of them provided further sequence 
information on the cONA in the 5" or the 3* direction. In a lambda ZAP cONA Horary derived from the mRNA 

26 of CEM lymphocyte: (OCgo dT and randomly primed, Clontech) five phages hybridizing with this probe 
were detected, which uj r ta l i ie U stgnfficantfy longer inserts than C2. 

The longest insert (El 3, Ftg. 1B) was se qu enced In its entirety (Rg. 10) and was found to contain the 
C2 sequence (nucleotides 346M277 in Fig. ID) within one long open reading frame of 1365 bp, flanked by 
untranslated regions of 255 and 555 nucleotides at its S* and 9* ends, respectively. The potential ATG 

x initiation site, oc cu r rin g at positions 256*258 in the nucleotide sequence (denoted by an asterisk in Ftg. 1 0) 
is preceded by an upstream in-frame termination codon at bases 244-246. The Hart location is in 
comformity with one of the possible alternatives for the translation initiation consensus sequence 
(GGCaTGG, nucleotides 253-259). 

There is no characteristic poty(A) addition signal near the 3' end of me cONA. The sequence ACTAAA, 

X at nucleotides 2046*2050. may serve as an alternative to this sfgnaL but with low efficiency. At nucleotides 
1965-2000, there are six consecutive repeats of the sequence G(T)n (n varying between 4 and 8). 

The size of the protein snooded by the cONA (about 50 fcD) is significantly larger than that of TBP-f. A 
hydropathy index com p ut a tion of the deduced amino add s e quence of the protein (Ftg. 1C) revealed two 
major hydrophobic regions (see round-ended boxes in Rg. 10). One, at its NH2-terminu3. is apparency the 

« signal peptide whose most Beefy cleavage ste fies between the glycine and Isoteucine residues designated 
in ftg. ID as -1 and +1 respectively. The other major hydrophobic domain, located between residues 191 
and 213. is flanked at both ends by several charged amino adds, characteristic of a membrane anchoring 
domain. As in several other transmembrane proteins, the amino adds confining the hydrophobic domain at 
its COOH-terrninal are basic. The tr a n sm embrane domain bisects the predicted protein into almost equally 

*9 sized extracellular and intraceMuier domains. 

The eytracelktar domain has 3 putative sites for asparagine-tinked gfycosyiatfon (overtined in Fig. iO>. 
Assuming that the amount of oligosaccharides in the extracellular domain is simitar to that reported as 
present b TBP-i (Seddnger. P, et at, (1969b) Cytokine U 149 (an abstract)), the ntdecutor size of the 
mature protein is very similar to that estimated tor the type I receptor (about 58k0) (Hohmann, H.P., et at. 

50 (1989) J.BtOi.Chem. 264. pp. 14927-14934). 

b) Features of the predicted amino acid sequence in the Type I TNF-R and relationship to the structure of 
TBF-I and TBP»H 

m The amino add sequence of the extracellular domain of the protein encoded by the E13 cONA fuiiy 
matdBS several sequences of amino adds determined in TBP-I (Table I), it contains the NH* -terminal 
amino add sequence of TBP-I at amino acids 20-32 (compare Fig. 10 and Rg. 1Aa), a sequence 
corrmpondtng to the COOH terminus of TBP-I at ami-io acid i73*?0: and, also, adjacent to the firat 
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methionine located further downstream in the encoded protein, a sequence which is identical to me Non- 
terminal amino acid sequence of a cyanooenbfomide cleavage fragment of TBP-l (broken lines in Fig. 10). 
There is also a marked similarity (n amino add composition between the extracefluiar domain of the 
receptor and TBW (Table if). 

5 "Hie most saltern feature of this amino add ccrnpositjon is a very high content of cystein residues 
(shown boxed in Ftg. 1D). The positioning of the cystein residues as well as of other amino acids within the 
extracellular domain display? a four-fold repetition pattern (underlined in Fig. 10). The amino add sequence 
within the extracellular domain of the TNF-R, which co rresponds to the COOH terminal sequence of TBFM 
(see Table I and Fig, 4 >. Is located at the COOH terminus of the cystein-nch repeat region. The sequence 

ro corresponding to the NHj terminal sequence of TBPH corresponds to a sequence located a few amino 
adds upstream of the Ntfe terminal end of this region (broken fines in Fig. 10) in the extracellular domain. 

m contrast to the identity of amino acid sequences between TBP-I and the extracellular domain of the 
type I TNF receptor, sequences examined In the soluble form of the type II TNF-R (TBP-U. Table I) were 
not identical to any sequence in the type 1 TNF-R This finding is expected, considering the lack of 

ts immunological croesreactivity between the two receptors (Engetmann, tt, et at, (1990) J.8toi.Chem. 265, 
pp. 1531-1530). 

In contrast to the very high content of cystein residues in the putative extracellular domain of the type I 
TNF-R. there are only 5 cystein residues in ihe intracellular domain. Between the two which are proximal to 
the transmembrane domain (positions 227 and 283). extends a stretch of 55 amino adds which Is rich in 
20 proline residues (18% of the residues) and even richer In serine and threonine residues (36%), meet located 
very dose to or adjacent to each other. 

EXAMPLE 3 

85 Expression of the type I TNF-R cONA 

To explore the relation between the protein encoded by the £13 cONA and TBF-t further, this protein 
was expressed in CHO ceus. The El 3 cONA was introduced into an expression vector and was ootransfec- 
ted with a recombinant vector containing the diriydrofolate reductase (DHFR) cONA into DHFFVdeficient 

30 ceds. After selection by growth tn a nu c JeotW e-free medium, ndrvtduaJ clones were amplified by growth in 
the presence of methotrexate. A number of donas which react with several monoclonal antibodies thai bind 
to spatially distinct epitopes in TBP-t were detected (Ftg2). Expression of the protein was correlated with an 
increase in specific binding of human TNF to the ceOs (Table 10). 

Appfyfng a sensitive immunoassay for TBP<4 in which polyclonal antibodies and a monoclonal antibody 

as against this protein were employed. (Procedures. Example if) in the medium of CHO cefls which express 
the human TNF-R on their surface, also a soluble form of the protein could be detected (Table til). All of 
five different ChO donee which exp res s e d the TNF-R, produced thte soluble protein. Several other 
tranafected dones which aid not express the ceO surface receptor did not produce its soluble form either. 
When analyzed by reversed phase HF1C. the CHO-produced soluble TNF-R etuted as a single peak, with a 

40 retention time Identical to that of TBP-t (r^g. 3V 

EXAMPLE 4 

Cloning of the cONA encoding TBF-i and expression of TBP-i in Chinese Hamster Ovary (CHO) ceils 

In order to obtain ptasmids suitable for efficient expression of the ONA encoding a soluble domain of 
the type l TNF receptor tn mammalian cefte. the gene from position 256 to posfttorr 858 of the Dna 
sequence shown In Rg. ID. was cloned In two ex pres s io n vectors: In one plaemid, gane expression was 
under the SV40 early gene promoter; in the second pJasrmd, gene expression was under the regulation of 
so the cytomegalovirus (CMV) promoter. These vectors were introduced Into CHO cells by CaPCk copredpita- 
tton with a plaamid DHFR selectable genesc marker. 

Construction of Expression Vectors 

ss 1) SV40 Earty Promoter - TBP-1 fusion: Plasm id pSV-TBP . 

Constitutive expression of TBP-l can be achieved by using an expression vector that contains the ONA 
sequence coding for TBPA fused to the strong SV40 early gene xomotcr S). 
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Step 1; A DNA fragment coding for TBP-l. including ffc signal , peptide and extending to amino add 
180 was prepared by PCR amplification. For amplification two oligonucleotides were used as 
primers: the 5' end primer contains the sequence coding for the first seven amino adds of 
the signal peptide, preceded by six nucleotides: the 3* end oligonucleotide contains the 
5 sequence coding for amino add residues 174 through 180 followed by two stop codorts (TGA 

and taa). 

The conditions for PCR amplification am the following: 





Temperature "C 


Tfme.min 


1 cycfe 
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72 
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94 


1 
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72 
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1 cyde 


94 
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50 


2 




72 


12 



Step 2: After sequence verification, the amplified DNA fragment was cloned into the Hmcil restriction 
site of pJasrrud pGEM-l by blunt end Ogation. Plasrruds pTSP-18 and pTBP-17 are the two 
ptasmids obtained in this way and they differ in the orientation of the TBFM insert with 
respect to the cloning vector. 

Step 3: The ONA fragment containing TBPH was excised from plasmid pTBP-17 using the two 
adjacent restriction shea HindUl (at the 7 end) and SemHI (at the 3' end). 

Step 4: finaJry, this fragment was cloned between the Hindill and the Bell restriction sites of the 

expression vector pSVES. 
The resulting plasmid is called pSV-TBP (Fig. 5). 



2) CMV promo ter^TBP^ fusion: plasmid pCMV-TBP . 

Alternatively, constitutive expression of TBPH can be achi eved by using an expression vector that 
contains the ONA sequence coding for TBPH fused to the CMV promoter (Fig 6). 

The first two steps for the construction of the CMV based vector are identical to the ones described for 
the construction of the SV40VTBP1 fusion plasmid. as described above. 

Step 3: The ONA fragment containing TBP-4 was excised from plasmid pTBP-17 using the two 

adjacent restriction sites Hndia (at the 5* and) and Xbai (at the 3* end). 
Step 4: Rnafly, this fragment was cloned between the Hindftl end the XbeJ restriction sites of the 

expression vector Rc/CMV. 
The resulting pJasmld is called pCMV-TBP. 



Expre ssi on of Human TBPH In CHO Cells 

CHO cede CHOK1 DHFR*. lacking DHFR activ^y. were tra ns formed by CaPG* coprecipitation with a 
12:1 mixture of uncut pSV-TBP ONA (73 ug) and mpSV20HFR (6ug> DNA. the laser being the selectable 
marker. Alternatively, CHO cells were transformed with a SM mixture of pCMVYTBP (30 ug) and 
mpSV2DHFR (Q ug). 

CeBs were grown in nutrient mixture F12 (Gibeo) with 10% fetal catf swum (FCS) tt 37 • C in 5% COi. 
For ONA transaction, 5x10* cells were cultured for one day in 9 cm plates. A CaPCX-DNA coprecipitaie 
was prepared by mixing plasmid DMAs, dtssofved in 0.45 ml of Tris-Hd pH 75. 0.1 mM EDTA with 0.05 ml 
of 2-5 M CaCfe; thereafter. 0.5 ml of 280 mM NajPO*. SO mM Hopes buffer pH 7.1 was added wftn gentle 
mixing. The mixture was kept for 30-40 minutes at room temperature in order to form the precipitate. After 
adding the CaPQ*-DNA to the cells and leaving the cells at room temperature for 30 mm, 9 ml of nutrient 
mixture F12, 10% FCS were added and the cultures returned to the CO* incubator for 4 hours. Medium was 
removed and the ceils wgra oernoticaUy shocked with 10% glycerol in FT 2 for 4 min. After 48 hours of 
growth In r»n-seiecuve medium, the cells were then trypsiniied and ;:ubcul»u.* * M0 into selective 
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medium, composed of Dulbecco's modified Eagle's medium (DMEM) (H2i, Qibco). 150 ug/mj proline, and 
10% FCS wrtch had own extensively diaiyzed against phospriate*ta/rfered saline (PBS). In some cases. 
MEM alpha, medium without nucleotides (F20, Qfteo) was -used. The cultures were kept at 37 'C and 10% 
CO? and the medium wee changed ©very 3-4 day*. Clone* were isolated after about 15 days, trypsinaed. 

5 and grown to mass cultures. 

Transformanta able to grow in medium lacking thymidine (OMEM with dtah/zed serum) were obtained. 
Culture supernatant* of individual transformer* donas or eufture supernatant of mixed populations were 
screened for human TBP-I by measuring the level of secreted protein by the enzyme Gnfced Immunoassay 
described in Example 1f. TBP-I levels of up to 10 ng/rrt were detected m culture supematarrts of mixed 

io cells populations. 

This example shows that TBP-I or a similar soluble protein can be obtained aiso by transection of 
mammalian celts wtth a DNA encoding the soluble (domain of the type I TNF receptor. 

EXAMPLE S 

19 

&presston of TBP-I In £. cofl. 

For expression of TBP-I in Exofi. the sequence cooing for the signal peptide and for the first 1 9 
aminoadds (Arg) must be removed (figure. 10). Moreover, the Asp residue must be preceded by a Met 
zo residue. The desired fragment is then doned Into the expression hector pKK223-3 that contains the hybrid 
tryp-lae promoter. To achieve this goal ptesrnid pTBP-16 (Bg 5) is cut with the two unique restriction sites 
Styl and Hindin. Styl restriction site Is C/CAAGG and, therefore. ft cuts after Pro2*. Hindin restriction site is 
located in the porvfeiksr of the ptasmid and downstream from the two added stop codons that follow Asnl80 
(Rg. S). 

28 The resulting DNA fragment coding for TBP-I, has an intact V end and a truncated 5* end. where the 
sequence preceding the Styl site end cooing for Asp-Ser-VafCys-Pro has been removed. 

For dening of the Sryt+Gndin fragment Into the expression vector pKX223-3, the following couple of 
Synthetic ofigortucfeotides are used: 

30 Hmt Asp Sex V«l Cyn Pro 

3' AATTC AT6 CAT AGT GTG TCT CCC 3' 

3* C TAC CTA TCA CAC ACA CGG GTT C 5 a 

ss 

\ I < 1 

HcoRt Styl 

«o 

One end of this double stranded oligonucleotide Is an EcoRI restriction site. This end is legated to the EcoRJ 
site of piasmtd DKK223-3. located downstream to the tryp4ac promoter. The second end of the double 
stranded oligonucleotide is a Styl restrict i on ate to be figated to the Styl of the TBP-I DNA fragment. 

The remainder of the sequence is such that the codons coding for the first five amino adds are 
4S restored and that an addHtonal Met codon is added in front of Asp>20. The expression vector is obtained by 
ligation of ptasmid pKK223-3, digested with Scott and Hindin. to the double-stranded synthetic 
oigonucJeoude and to the Styt-HindM TBPI fragment 
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E-eoS calls si» iransfected with this expression vector in order to produce TBP-i. 
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Table U 



s 


Similarity of the amino add compositions of the TUF binding protein TBPl and a 
corresponding region in the extraceftotar domain of the 7WF- R (type t) 


Amino add 


moi/1 00 mot of amino adds 


TBPT 


Residues 20-180 fn the 
extraceihifar domain" 


10 


AU1.7 


14 






Cya 


124 


144 




A«p + Asn 


104 


11.1 




Qtu ♦ Gin 


134 


12.4 




Phe 


34 


3.1 


T« 


Qy 


64 


94 




Hta 


4.4 


44 




Be 


24 


24 




Ly» 


64 


64 




leu 


ao 


64 


20 


Mot 


0.4 


04 




Pro 


34 


3.1 




Aiy 


4.7 


44 




Ser 


8.1 


94 




Thr 


6.1 


64 


25 


VW 


44 


44 




Trp 




04 




Tyr 


2.4 


3.1 



'According to Olssenet at* 1686 

"Residue 2D corresponds to the NHj -terminal amino add of TBPl. Residue 1 80 Is the 
COOH-termfna) residua of TBPL 
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Claims 

$ 1. A method for the production of human TBP-i (Tumor Necrosis Factor Binding Protein I * soluble 
Tumor Necrosis Factor Receptor type I (tTNF-RI)f which comprise* ~ 

(a) iransfecting euksryotic calls with an ea^rassion vector comprising a DMA molecule encoding the 
whole human TNF-W; 

(b) cutturtng the frartsfectsd eukaryotlc caQs; and 
w (c) isotatino, said TBP-I from the medium. 

2. The method according to elaim 1, wherein the DNA motecule encoding the whole type 1 TNF receptor 
ts the cONA having the sequence depicted in Figure 10. 

7$ X The method according to daim 1 or 2, wherein the cDHA is introduced into an expression vector and is 
cotran s fpctnd wfth a recombinant vector containing the dShytlrofofafie reductase (DHFR) cONA into 
DHFfVdeficient Chinese hamster ovary (CHO) cefis. 

4. The method according to any one of claims 1 to 3. wherein the ceils are selected by growth in a 
30 mideotfde-free medium. MMdusJ donas are amplified by growth in the presence of methotrexate and 

the TBP-I secreted into the medium is detected by reaction with monodonal and/or polyclonal 
antibodies raised against TWM. 

5. The method according to any one of claim* i to 4. wherein said TBP-I obtained is a TBFM precursor or 
as analog* 

PatentaneprOche 

1. Verfahran zur HersteBung von rnarschOchem TBP»l (Turncr-oekrosefaktor^rtijuriQ^c^ I • ISsHcher 
so Tu i r^orrtetoossfakBy-flsaeptor-Typ I (sTNF-Rfl) um f asse nd: ~ 

{a) Transfektion eute a ryoti sch ar ZeRen mit ainem Baxessfonsvetctor. der ain den voBstSndigen 
rrmcrtfichan TNF-ft codtorendes DNA-MotekOI entNUt 

(b) ZCchtong der transltzterten e uF oryot i schen ZeOan: und 

(c) tscaenjng des TBP-I sua dam Medium. 

S0 

2. Vertahren nech Anspruch 1, wobei das den voOstSndigen Typf-TNF^eseptor eodierende ONA-Motekut 
die cONA mit der in Rguf ID dargeeteflten Sequenz tst 

3. Verlahren nach Anspruch 1 Oder 2, wobei die cONA in einen Btpresstonsvektor engalOgt und mtt 
40 afnem rekombtnantaru de OirydrcWatiedufctase (DHFRKDNA anthaltendan Vefctor in DHFR-defi»ent9 

Overzeien des chines iacnen Hamsters (CHO-ZeOen) eotransftziert wird. 

4. Verfahran nach einem der AnsprQche 1 bis 3. wobei dto ZeOen durch Wachstum tn ainem rujdeotidfrei* 
en Medium se isstionisrt warden, etntelne Ctone durch Wachstum in Gegenwart von Methotrexst 

48 ampfifiziert warden und das in das Medium saz ernierte TBPH durch neaJcbon mit gegan TBP-1 
geitchteten monoctorafan unoVoder pctycfanaJon Anok&rpcm nathgewlesen wird. 

5. Verfahran nach einem der AnsprQche 1 Us 4, wobei das erhatene TBP-1 eine TBP-f-Vorstufe odor ein 
TBP-4-Anaiogon 1st 

so 

Ravendlcations 

1. Proc4d* da preparation de TBP-I humaine (Proofcne I de liaison au facteur da necrose tumoraie ■ 
recepteur du factour soluble de necrose tumoraie du type I (sTNF-fll)^ comprenant : 
ss (a) la transfectlan de ceflules eucaryotas avec un vactaur (f expression comprenant una molecule 

d-ADN codant pour rensemble du TNF-W humam ; 

(b) la mtse en culture des caOutes eucaryotas de traristoction ; at 

(c) neoternentdudH TBPH du miGeu. 



18 



>lOV-24-97 10 = 21 FROM i R T 1 S REEDFAX 



I D s 703 4 18 033 1 



PACE 



17/3 1 



EP 0 433 900 B1 

2. Prateae" selon la revendlcation 1 , dans lequei ta molecule d'ADN codant pour rensamble du nicepteur 
de TNF du type 1 est TAONc ayart la sequence representee sur la figure 1 a 

3. Precede seton la revindication 1 ou 2. dans lequei PAONc est introduit dans un vecteur d'expression et 
5 soumis a una cotransfection avec un vecteur recombinant oontenant I'AONc de dihydrafolate-riductase 

(DHf ft> pour former dee cellules d'ovaire de hamster chirtois (CHO) prtfsentont une carence en DHFR. 

4. Precede" sefon Tune quelconque des revocations 1 a 3, dans lequeJ les cellules sent stflectionnees 
per croissance dans un milieu exempt de nudeotioes, dee donee incfividueJs sont amplifies par 

to crorssance en presence de rn6inotrexatB. et la TBW secnlite dans le milieu est ddfectde au moyen 
d'une reaction avec des antfeorpe monodonaux eVou dee anticorps polydooaux diriges contra la TBFM. 

5. Procdde" sefon Tune queieonque dee mvendicattons 1 a 4, dans lequei ladite TBP4 obtenue est un 
prfcurseur ou un analogue de la TBP-L 

f5 
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